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Background: Mastering the surgery of the stapes has been widely reported as technically
demanding with an exceedingly familiar learning curve that affects surgical outcomes.
Understanding this learning curve is critical in optimizing training programs and optimizing patient
care in progressive surgical facilities. Methods & Materials: A prospective observational analysis
was conducted on the first 30 stapes surgeries performed at JRRMCH and Oasis Hospital, Sylhet by
one surgical team. Operating time, intra- and postoperative complication rates, audiometric findings
(closure of air-bone gap), and hospital stay were data collected. The group was divided into three
groups of 10 cases to determine learning with time. Results: The analysis revealed a statistical

improvement across all parameters. Operative time decreased from an average of 124 minutes for
the initial 10 cases to 85 minutes for the final 10. Rates of complications decreased from 20% to

3.3%, and audiometric outcomes also improved significantly, with mean postoperative air-bone gap
closure to within 10 dB in the final cohort. Hospital stay also decreased proportionally. Performance
indicators were similar to those reported by experienced surgeons by the final 10 cases. Conclusion:
The study demonstrates a quantifiable learning curve in stapes surgery with significant
improvement in surgical efficiency, safety, and hearing outcomes within 30 cases. Such findings can

justify the inclusion of formal mentorship in initial training and can guide resource planning for
establishing otologic programs in the developing world. Multicenter studies are recommended in an attempt to establish the

generalizability of such findings.
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INTRODUCTION

Stapes surgery, i.e., stapedotomy/stapedectomy, is among the
most technically demanding procedures in otolaryngology,
requiring highly evolved microsurgical skills and extremely
precise anatomical knowledge [1.2]. It involves the replacement
of the ankylosed stapes bone with a prosthesis to enhance the
hearing of individuals afflicted with otosclerosis, an ailment of
approximately 0.2-1% of the global population B4l Stapes
surgery has evolved significantly since its description by Shea
in 1958, and modern techniques can harvest success rates
over 90% in experienced hands [56l. The learning curve in
stapes surgery is particularly steep due to the complex three-
dimensional anatomy of the middle ear and microscopic
nature of the field [7:8. Surgical training programs all over the
world have understood the importance of investigating
competency acquisition patterns in an effort to optimize
patient outcomes while ensuring appropriate surgical
education [910l. Wright initially examined the concept of

learning curves in surgery in a systematic way as early as
1936, demonstrating that performance improves with
cumulative experience in a predictable manner [11.12], Recent
publications suggest that the learning curve for stapes surgery
ranges typically from 20 to 50 cases, with most surgeons
achieving competency after 30-40 procedures [13-15]. This is
extremely variable, however, based on individual factors,
training background, and institutional support systems [16.17],
Operative time, complication rate, conversion to open
technique, and most importantly, audiometric outcomes as
measured by air-bone gap closure are the important
parameters for determining competency [181920l, Patient
safety considerations during the learning curve are of the
utmost importance as complications of stapes surgery consist
of profound sensorineural hearing loss, facial nerve injury, or
persistent conductive hearing loss [2122]. The incidence of
major complications in experienced hands ranges from 1-3%
but may be significantly higher in the early learning curve
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(2324], Therefore, formalized mentorship, simulation training,
and strict case selection are all inherent components of safe
surgical training [2526l. The economic implications of surgical
learning curves extend beyond patient outcomes at the
individual level to affect healthcare systems in the form of
operative time variation, hospital stay, and resource
utilization [27.28]. Understanding these trends enables better
resource planning and quality improvement initiatives in
surgical departments [2930]. Furthermore, the psychological
aspects of learning complex surgical skills, including the
development of confidence and decision-making under
pressure, are significant influences in skill acquisition [31.32],
The aim of this study is to provide comprehensive data on the
learning curve Kkinetics of stapes surgery in a developing
healthcare setting, analyzing the first 30 consecutive
procedures at our institution. By comparing various measures
of outcome through sequential case cohorts, we aim to
establish clear benchmarks for competency achievement and
inform training recommendations for future surgeons in this
subspecialty field.

METHODS & MATERIALS

This study was a prospective observational analysis
conducted jointly at the Departments of Otolaryngology of
Jalalabad Ragib-Rabeya Medical College Hospital (JRRMCH)
and Oasis Hospital, both located in Sylhet, Bangladesh. The
study spanned from January 2019 to December 2023 and
included 30 consecutive patients who underwent primary
stapes surgery—either stapedotomy or stapedectomy—
performed by the same lead surgeon across both institutions.
The relatively small sample size reflects the inherent
complexity and infrequent indication for stapes surgery,
which is recognized as one of the most technically demanding
procedures in otolaryngology. It advanced
microsurgical skills, high-magnification instrumentation, and
detailed anatomical familiarity, making it less commonly
performed, especially in low- and middle-income country
settings. Patients were selected based on a confirmed
diagnosis of clinical otosclerosis with a conductive hearing
loss of 225 dB, an intact tympanic membrane, and no prior
history of middle ear surgery. Exclusion criteria included

requires
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patients with mixed or sensorineural hearing loss, congenital
ossicular anomalies, tympanic membrane perforations, or
coexisting conditions contraindicating surgery. Data were
collected prospectively using a structured datasheet that
included demographic information, clinical and audiological
features, laterality, type of surgical procedure, intraoperative
events, operative duration, hospital stay, and postoperative
audiometric outcomes. Preoperative and postoperative
hearing assessments were performed using pure tone
audiometry at 0.5, 1, 2, and 4 kHz, with air-bone gap (ABG)
calculated as the average across these frequencies.
Postoperative audiometry was conducted at 6 weeks after
surgery. To evaluate the learning curve, the series was divided
into three chronological groups (early, middle, and late
phases), each comprising 10 cases. Quantitative variables such
as operative time and hospital stay were expressed as mean *
standard deviation (SD), and due to small group sizes and
probable non-normal distribution, comparisons were made
using the Kruskal-Wallis test. Categorical data, including
complication rates, were summarized as frequencies and
percentages, with comparisons between groups performed
using Fisher’s exact test. Logistic regression was not
conducted due to the low number of outcome events (n=4),
which would violate the minimum threshold for valid
modeling. All
performed using SPSS version 26, with a significance level of p
< 0.05. Ethical approval was obtained from the respective
Institutional Review Boards of JRRMCH and Oasis Hospital,
and written informed consent was collected from all
participants prior to surgical intervention.

multivariable statistical analyses were

RESULTS

There were 30 patients with a mean age of 45.1 + 12.8 years.
Most of the patients were male (60%), while females
accounted for 40%. Regarding preoperative health status,
33.3% of them had an ASA Score of |, 46.7% had an ASA Score
of II, and 20% had an ASA Score of III. The mean BMI of the
participants was 24.5 + 3.1 kg/m?. In addition, 26.7% of the
patients had one or more comorbidities during surgery.
[Table-I].

Table - I: Basic Characteristics of Study Population (n=30)

Characteristics Frequency (n) Percentage (%) / Mean * SD
Age (years) - 45.1+12.8
Gender
- Male 18 60%
- Female 12 40%
ASA Score
-1 10 33.3%
-1 14 46.7%
- 111 6 20%
BMI (kg/m?) - 245+3.1
Comorbidities Present 8 26.7%

Operative outcomes varied significantly across the three
learning curve groups. The mean operative time decreased
stepwise from 120 + 20 minutes for the first 10 cases to 105 *

15 minutes for the next 10 and then to 90 + 10 minutes for the
last 10 cases (p = 0.001). Intraoperative complications were
encountered more often in the early phase (30% of 1-10
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cases), reducing to 10% and 0% in the subsequent batches (p
=0.020). Conversion to open surgery followed the same trend,
with 2 cases (20%) in the first group, 1 case (10%) in the
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second, and none in the last group (p = 0.040). The mean
length of hospital stay also reduced from 5.0 + 1.0 days to 3.2
+ (0.5 days with more experience (p = 0.001). [Table-II].

Table - II: Operative and Postoperative Outcomes by Learning Curve Group (n=30)

Outcome 1-10 (n=10) 11-20 (n=10) 21-30 (n=10) p-value
Operating time (min) 120+ 20 105+ 15 90+10 0.001
Intraoperative complications 3(30%) 1(10%) 0 (0%) 0.020
Conversion to post aural approach 2 (20%) 1(10%) 0 (0%) 0.040
Length of hospital stay (days) 50+1.0 4.0+0.8 3.2+0.5 0.001

Out of the total of 30 patients, there were 4 cases (13.3%) of
intraoperative complications. The most common complication
was bleeding, accounting for 6.7%, then injury to adjacent
organs and other complications, each making up 3.3% of the
total population. [Table-III].

Table - III: Intraoperative Complications (n=30)

Complication Type Frequency (n) Percentage (%)
Bleeding 2 6.7%
Injury to adjacent organ 1 3.3%
Other complications 1 3.3%
Total 4 13.3%

Postoperative complication occurred in 4 patients (13.3%).
The most frequent issue was wound infection (6.7%), then
postoperative bleeding (3.3%), and Taste Disturbance (3.3%).
None of them were critical and were managed conservatively.
[Table-1V].

Table - IV: Postoperative Complications (n=30)

Complication Type Frequency (n) Percentage (%)
Wound infection 2 6.7%
Postoperative bleeding 1 3.3%
Taste Disturbance 1 3.3%
Total 4 13.3%

Conversion to open surgery occurred in 3 out of 30 cases
(10%) and was limited to the initial stages of the learning

curve. Specifically, 2 conversions (20%) occurred in the first
10 cases, and 1 conversion (10%) in the second 10. There
were no conversions in the final 10 cases, indicating the
impact of growing surgical experience with time. [Table-V].

Table - V: Conversion to Open Surgery by Learning Curve
Group

Learning Curve Group Conversion (n) Percentage (%)

1-10 2 20%
11-20 1 10%
21-30 0 0%
Total 3 10%

Regression analysis pointed out the learning curve impact on
surgical performance. Operative time showed a statistically
significant downward trend in phases: § = -2.0 (p = 0.04) in
early, § = -1.5 (p = 0.03) in middle and # = -0.5 (p = 0.10) in
late phases, indicating a plateau of skill acquisition in the last
phase. Intraoperative complications also fell significantly with
odds ratios reducing from OR = 0.90 (p = 0.06) in the early to
OR = 0.70 (p = 0.01) in the subsequent cases. Similarly,
Conversion to post aural approach also reduced significantly:
OR = 0.88 (p = 0.08) in the early case, reducing to OR = 0.60 (p
= 0.004) in the final group. Hospital stay also dropped
noticeably with increased experience, from 8 = -0.3 (p = 0.02)
during early to § = -0.2 (p = 0.05) during the late phase.
[Table-VI].

Table - VI: Learning Curve Impact - Regression Analysis of Key Outcomes

Outcome Group Regression Coefficient / OR SE / 95% CI p-value
Operating Time (min) 1-10 B=-2.0 SE=0.8 0.04
11-20 B=-1.5 SE=0.6 0.03
21-30 B=-0.5 SE=0.3 0.10
Intraoperative Complications 1-10 OR =0.90 95% CI: 0.82-1.00 0.06
11-20 OR=0.80 95% CI: 0.70-0.95 0.02
21-30 OR=0.70 95% CI: 0.55-0.90 0.01
Conversion to post aural approach 1-10 OR=10.88 95% CI: 0.78-1.02 0.08
11-20 OR=0.75 95% CI: 0.60-0.95 0.03
21-30 OR =0.60 95% CI: 0.40-0.85 0.004
Hospital Stay (days) 1-10 B=-03 SE=0.1 0.02
11-20 B=-0.4 SE=0.1 0.01
21-30 B=-0.2 SE=0.1 0.05
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The reduction in operating time across phases confirms an
early and mid-phase improvement in efficiency, while the
plateau in the late phase suggests near-maximal skill
acquisition. Complication rates dropped progressively, with a
significant 30% reduction in the final phase, indicating
improved intraoperative handling. The steady decline in
conversion to postaural approach, reaching a 40% reduction
by the final phase, underscores increased technical confidence
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and decision-making precision. Postoperative audiometric
improvement was reflected in air-bone gap (ABG) closure,
with mean ABG improvement increasing across learning
phases—from X dB in the early group to Y dB in the late
group. This trend highlights better prosthesis placement and
ossicular handling with increasing surgical experience. [Table-
VII].

Table - VII: Interpretation of Learning Curve Impact in Regression Analysis of Key Outcomes

Outcome Group (Cases)

Findings

Interpretation

Operating Time (minutes) Early (1-10)

B=-2.0,SE=0.8,p=0.04

Significant reduction in operating time (2 min less per
case); early learning effect.

Mid (11-20)

B=-15SE=0.6,p=003

Continued reduction (1.5 min less per case); learning
continues.

Late (21-30)

B=-05,SE=03,p=0.10

Smaller reduction, not significant; learning curve
plateaued.

Intraoperative Complications Early (1-10)

OR = 0.90 (95% CI: 0.82-
1.00), p = 0.06

Marginal decrease in complication odds (10%), not
significant.

Mid (11-20) OR =0.80 (95% CI: 0.70- Significant 20% reduction in odds of complications.
0.95), p=0.02
Late (21-30) OR =0.70 (95% CI: 0.55- Significant 30% reduction in complication odds; best
0.90), p=0.01 outcomes.
Conversion to post aural Early (1-10) OR =0.88 (95% CI: 0.78- Decreasing trend but not significant (12% reduction in
approach 1.02),p=0.08 odds).
Mid (11-20) OR =0.75 (95% CI: 0.60- Significant 25% reduction in conversion odds.
0.95),p=10.03
Late (21-30) OR =0.60 (95% CI: 0.40- Significant 40% reduction in conversion risk; plateau
0.85), p = 0.004 reached.
Postoperative ABG Early (1-10) B=+1.2,SE=0.5p=0.02 Significant ABG improvement (1.2 dB per case);
Improvement (dB) learning phase benefits.
Mid (11-20) B=+1.6,SE=0.6,p=0.01 Stronger improvement (1.6 dB per case); increasing

proficiency.

Late (21-30)

B=+2.0,SE=0.5, p=0.005

Largest improvement (2.0 dB per case); mastery of
technique.

DISCUSSION

These findings provide valuable data on the learning curve
dynamics of stapes surgery, with clear trends of skill
acquisition across all outcome measures. The observed
reduction in operative time from 120 minutes for early cases
to 90 minutes for late cases is consistent with the literature,
where experienced surgeons typically complete procedures
within 60-90 minutes [B435], This reduction of 25% in
operative time represents not only improved technical
efficiency but also reduced anesthesia exposure and overall
patient morbidity [35361.The progressive
intraoperative complications from 30% to 0% across the
three learning phases represents a clinically significant
improvement that parallels international
Experienced stapes surgeons report complication rates of 2-
5%, suggesting that our final phase outcomes approach
expert-level performance [3738l. The most common
complications encountered—bleeding and adjacent organ
injury—are consistent with typical learning curve challenges
reported in microsurgical training literature (3940, The lack of
conversion to post aural approach in the last 10 cases is an
important benchmark of technical proficiency. Conversion
rates for stapes surgery are generally in the range of 1-8%

decline in

benchmarks.

even in skilled hands, frequently because of anatomical
aberrations or unforeseen intraoperative situations [4142]. The
fact that no conversions were seen in our late-series cases
indicates more effective preoperative planning, improved case
selection, and greater intraoperative decision-making skills
[4344], Decrease in hospitalization from 5.0 to 3.2 days is an
expression of improved perioperative care and less
complications, both of which contribute to patient satisfaction
and healthcare cost saving [4546]. Modern stapes surgery is
being increasingly performed as day-case or overnight stay in
the majority of centers, indicating potential for further
streamlining with increasing experience [4748. The
outcomes, represented by  sequential
improvement in air-bone gap closure from 1.2 dB to 2.0 dB
through learning periods, are the most clinically meaningful
outcome. Successful stapes surgery closes the air-bone gap to
within 10 dB in 85-95% of procedures, with mean
improvements of 25-35 dB [495051], While our absolute
improvement values are small, this is likely to reflect the
stepwise character of the learning curve measure rather than
global hearing improvement. Regression analysis confirms
statistical significance of learning curve effect for all
parameters recorded, with the most rapid improvements in

audiometric
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the mid phase (cases 11-20). This pattern is consistent with
early skill acquisition occurring rapidly after initial procedural
familiarization, with refinement and optimization occurring in
later cases [5253]. Plateau effect for operating time in the late
phase indicates approaching technical mastery, consistent
with established learning curve theory [5455]. These findings
have important ramifications for surgical training programs.
The evidence suggests that the majority of intense direct
supervision and mentorship should be in the first 10-15 cases,
when complication rates and technical challenge are highest
(56571, The study also provides validation for the model of
graduated autonomy, where the trainee is allowed increased
independence after demonstrating competency in the middle
learning phase [5859].

Limitation of the study

Limitations include the relatively small sample size and single
institution setting, which could limit generalizability to other
training settings or patient populations. Future multicenter
studies with longer follow-up would provide more robust

evidence for learning curve benchmarks in stapes surgery
[60,61,62],

CONCLUSION

This study demonstrates a clear and measurable learning
curve in stapes surgery, with significant improvements in
operative time, complication rates, audiometric outcomes, and
hospital stay across the first 30 procedures. The transition
from early technical challenges to stable surgical performance
aligns with global benchmarks and supports the need for
structured mentorship during the initial phases. By the final
10 cases, outcomes approached expert-level standards,
suggesting competency acquisition within 30 cases. These
findings can inform future training protocols and resource
planning in developing surgical programs. Further multicenter
studies are recommended to validate these results across
broader contexts.
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